The problem of unsteady magnetohydrodynamic convective flow with radiation and chemical reaction past a flat porous plate moving through a binary mixture in an optically thin environment is considered. The governing boundary layer equations are converted to nonlinear ordinary differential equations by similarity transformation and then solved numerically by MATLAB "bvp4c" routine. The velocity, temperature, and concentration profiles are presented graphically for various values of the material parameters. Also a numerical data for the local skin friction coefficient, the local Nusselt number, and local Sherwood number is presented in tabular forms.
Introduction
Combined heat and mass transfer problems with chemical reaction are of importance in many processes and have, therefore, received a considerable amount of attention in research. In processes such as drying, evaporation at the surface of a water body, energy transfer in a wet cooling tower, and the flow in a desert cooler, heat and the mass transfer occur simultaneously. Study towards boundary layer flow of a binary mixture of fluids is very important in view of its application in various branches of engineering and technology. A familiar example is an emulsion which is the dispersion of one fluid within another fluid. Typical emulsions are oil dispersed within water or water within oil. Another example where the mixture of fluids plays an important role is in multigrade oils. Some polymeric type fluids are added to the base oil so as to enhance the lubrication properties of mineral oil [1] . Moreover through chemical reaction, all industrial chemical processes are designed to transform cheaper raw materials to high value products. Naturally these transformations occur in reactors. Fluid dynamics plays a pivotal role in establishing relationship between the reactor hardware and reactor performance. Unsteady free convection boundary layer flows with heat and mass transfer encounter an important criterion of species chemical reaction with finite Arrhenius activation energy defined by Makinde [2] . This phenomenon is useful in the areas such as geothermal or oil reservoir engineering where more numbers of experimental works happen. It is very important for theoretical works to predict the effects of the activation energy in these flows. But very few theoretical works are available in the literature as the chemical reaction process involved in the systems are quite complex. This may be simplified by restricting the reaction to binary type chemical reaction. The thermomechanical balance equations for a mixture of general materials were first formulated by Truesdell [3] . Thereafter, Mills [4] , Beevers, and Craine [5] have obtained some exact solutions for the boundary layer flow of a binary mixture of incompressible Newtonian fluids. A particular contribution towards the context of binary mixture theory was done by Al-Sharif et al. [6] 2 Journal of Fluids and Wang et al. [7] . Recently Kandasamy et al. [8] studied the combined effects of chemical reaction, heat, and mass transfer along a wedge with heat source and concentration in presence of suction or injection. Their result shows that the flow field is influenced appreciably by chemical reaction, heat source, and suction or injection at the wall of the wedge. El-Hakiem [9] studied the unsteady MHD oscillatory flow on free convection-radiation through a porous medium with a vertical infinite surface that absorbs the fluid with a constant velocity. Raptis et al. [10] studied the effect of radiation on two-dimensional steady MHD optically thin gray gas flow along infinite vertical plate taking the induced magnetic field into account. Israel-Cookey et al. [11] discussed the influence of viscous dissipation and radiation on unsteady MHD free convection flow past on infinite heated vertical plate in a porous medium with time-dependent suction. Abd El-Naby et al. [12] employed an implicit finite-difference method to study the effect of radiation on MHD unsteady free convection flow past a semi-infinite vertical porous plate without viscous dissipation. Singh and Dikshift [13] investigated the hydromagntic flow past a continuously moving semi-infinite plate at large suction. Takhar et al. [14] observed the radiation effects on MHD free convection flow past a semi-infinite vertical plate. Kim [15] studied unsteady MHD convective heat transfer past a semi-infinite vertical porous moving plate. He found that an increase in the Prandtl number and magnetic field intensity decreases the fluid velocity. Vajravelu and Hadjinicolaou [16] studied the heat transfer characteristics in the laminar boundary layer of a viscous fluid over a stretching sheet with viscous dissipation or frictional heating and internal heat generation. Alam et al. [17] studied the problem of free convection heat and mass transfer flow past an inclined semi-infinite heated surface of an electrically conducting and steady viscous incompressible fluid in the presence of a magnetic field and heat generation. Chamkha [18] investigated unsteady convective heat and mass transfer past a semiinfinite porous moving plate with heat absorption. Hady et al. [19] studied the problem of free convection flow along a vertical wavy surface embedded in an electrically conducting fluid saturated porous media in the presence of internal heat generation or absorption. More recently Makinde and Olanrewaju [20] have studied the effects of chemical reaction and radiative heat transfer for an unsteady convection flow past porous plate moving through a binary mixture.
In this paper, we have considered the Arrhenius kinetics and thermal radiation in an unsteady MHD convective flow over a moving plate through a binary mixture with suction or injection at the plate surface. The governing equations are converted to ordinary differential equations by applying the similarity transformation. The numerical solution of the similarity equations are then obtained through the MATLAB "bvp4c" routine. The analysis of the results obtained shows that the flow field is influenced by the presence of magnetic field parameter, thermal radiation, chemical reaction, buoyancy force, and suction/injection parameter at surface of the plate. The profiles of velocity, temperature, and concentration are represented graphically. The skin friction, heat transfer, and mass transfer are displayed in tabular forms for different parameters. 
Mathematical Formulation
Consider the unsteady one-dimensional hydromagnetic convective flow with chemical reaction and radiative heat transfer past a vertical porous plate moving through a binary mixture (see Figure 1 ). Assume that the fluid is electrically conducting and the boundary wall to be of infinite extended so that all quantities are homogeneous in and hence all derivatives with respect to are omitted. Further assume the fluid is optically thin with absorption coefficient ≪ 1. Let the -axis be directed in upward direction along the plate and the -axis is normal to the plate. Let and V be the velocity components along the -and -axes, respectively. A magnetic field 0 of uniform strength is applied transversely to the direction of the flow. Since the fluid pressure is constant, it is assumed that induced magnetic field is small in comparison to the applied magnetic field; therefore, it is neglected.
Under these assumptions the momentum, energy, and chemical species concentration balance equations which govern the flow may be written as follows:
where = (−Δ ) is the heat of chemical reaction and is called the activation enthalpy and
is the Arrhenius type of the th order irreversible reaction, is the chemical reaction rate, is the universal gas constant, and is the activation energy parameter. The boundary conditions of the above problem are assumed to be ( , 0) = 0, ( , 0) = , ( ,0)= , (0, ) = 0 , (0, ) = , (0, ) = , > 0,
where 0 is the plate characteristic velocity. From the equation of continuity (1), it can be noted that V is either constant or a function of time. Following Makinde [2] , we take
where > 0 is the suction parameter and < 0 is the injection parameter.
We introduce the dimensionless quantities and parameters
With (8) equations in (2), (3), and (4) become
with boundary conditions
where Da is the Damköhler number, Ra is the radiation parameter, is the activation energy parameter, Gr is the thermal Grashof number, Gc is the solutal Grashof number, Kr is the chemical reaction rate, Pr is the Prandtl number, and is the magnetic field parameter. The wall skin-friction
Hence, the skin-friction coefficient
where Re = 0 √ / is the Reynolds number. At the wall, the heat flux ( ) and the mass flux ( ) are given by
The Nusselt number (Nu) and Sherwood number (Sh) are defined as
where √ is characteristic length. The coefficients presented in (12) and (14) are obtained from the procedure of the numerical computations and are sorted for different parameters given in Tables 1-8.
Results and Discussion
To get a clear insight of the physical problem, we have assigned various numerical values to the parameters that are incorporated in the problem with which one can discuss the profiles of velocity, temperature, and concentration. In order to compare the present results with previous work [20] , we have taken the values of Schmidt number (Sc) for hydrogen 0.22, water vapour 0.62, ammonia 0.78, and propyl benzene 2.62 at temperature 25 ∘ C and one atmospheric pressure. The value of Prandtl number is chosen to be Pr = 0.71 which represents air at temperature 25 ∘ C and one atmospheric pressure. Moreover the focus is made towards the positive values of the buoyancy parameters; that is, Grashof number Gr > 0, corresponds to the cooling problem, and solutal Grashof number Gc > 0 indicates that the concentration in the free stream region is less than the concentration at the boundary surface. It is worthy to note from Table 1 that increase in chemical reaction parameter (Da) enhances the heat transfer rate and reduces both skin friction and mass transfer rate. From Table 2 , it is seen that the increase in the values of Sc leads to enhance both heat, and mass transfer Table 1 : Comparison values of (0), (0), and (0) for different Da ( = Ra = Gr = Gc = = = = 0.1, Sc = 0.22, ℎ = = 1). Table 2 : Comparison values of (0), (0), and (0) for different Sc ( = Ra = Da = Gr = Gc = = = = 0.1, ℎ = = 1). Table 6 : Comparison values of (0), (0), and (0) for different Gr ( = Da = Ra = Gc = = = = 0.1, Sc = 0.22, ℎ = = 1). Table 7 : Comparison values of (0), (0), and (0) for different Gc ( = Da = Ra = Gr = = = = 0.1, Sc = 0.22, ℎ = = 1). rates leaving a decrement in the values of skin friction. We note from Table 3 that, in the case of wall suction, increase in the value of shows an increment in skin friction, heat, and mass transfer rates whereas, in case of injection, increment in shows a decrement in the respective fluid properties. From Tables 4 and 5 it is seen that the effect of increasing values of Ra and is to increase both mass transfer rate and skin friction and to decrease the heat transfer rate. From Tables 6 and 7 it is observed that increase in buoyancy parameters enhance the skin friction at the moving plate surface. Also from Table 8 it is observed that skin friction increases with the increase in magnetic field parameter . Figure 2 illustrates the effect of magnetic field parameter on velocity profiles when the other parameters are fixed. The magnetic field within the boundary layer has produced a resistive type force known as Lorentz force. Due to this force, retardation in the fluid motion along surface is observed. Therefore, it is clear from the same figure that the momentum boundary layer thickness decreases with the increase of magnetic field parameter. Figures 3 and  4 illustrate the effect of buoyancy forces on the horizontal velocity component in the momentum boundary layer. In presence and absence of magnetic field parameter, fluid velocity is highest at the moving plate surface and decreases to free stream zero velocity far away from the plate satisfying the boundary conditions. Also it is observed that in presence of uniform suction at the plate surface, increase of buoyancy forces lead to retardation in the flow and thereby giving rise to a decrease in the velocity profiles; that is, momentum boundary layer thickness decreases with an increase of buoyancy forces. It is observed that a reverse flow occurs within the boundary layer as the intensity of buoyancy forces increases. It is worthy to note that the reverse flow is less in hydromagnetic fluids. Figure 5 depicts the effect of wall suction and injection on the horizontal velocity in momentum boundary layer. It is observed that the momentum boundary layer thickness decreases with increasing the wall suction ( > 0) and increases with increasing wall injection ( < 0). The same trend is noticed in the magnetohydrodynamic flows.
Sc
The effects of various material parameters on the fluid temperature are illustrated in Figures 6-10 . It is seen from Figure 6 , the variation of temperature profile against similarity variable for varying values of wall temperature parameter under uniform magnetic field and uniform suction. The temperature increases towards the free stream temperature whenever the surface temperature is lower than the free stream temperature. The temperature decreases toward the free stream temperature whenever the plate temperature is higher than the free stream temperature. Figure 7 shows the effect of chemical reaction rate on the fluid temperature profile within the boundary layer when the wall temperature is lower than the free stream temperature in the presence of uniform suction. It is observed that increasing value of the Damköhler number Da enhances the fluid temperature. This is because of internal heat generation in the fluid due to Arrhenius kinetics. Figure 8 depicts the effect of radiation parameter Ra on temperature profiles in uniform magnetic field. It is noticed from this figure that the fluid temperature starts from a minimum value at the moving plate surface and then increases till it reaches the free stream temperature value at the of the boundary layer for all the values of radiation parameter. It is also observed that temperature of the fluid decreases with increase in the value of Ra. Figure 9 represents the effect of suction and injection parameter on the fluid temperature for different values of magnetic field parameter. It is noticed that the effect of magnetic field parameter on temperature profiles is insignificant. The fluid temperature increases with increase of suction and decreases with increase of injection. The effect of reaction order parameter n, on the temperature profile is represented in Figure 10 . The fluid temperature decreases with increasing order of chemical reaction. Figures 11-14 illustrate the effects of various parameters on concentration profiles. The effect of chemical reaction rate parameter Da on concentration profiles in presence and absence of magnetic field parameter is shown in Figure 11 . It is noticed that magnetic field parameter does not affect the concentration profiles. An increase in chemical reaction rate causes a decrease in the concentration of the chemical species in the boundary layer supporting the fact that chemical reaction rate reduces the local concentration. Figure 12 shows the effect of Schmidt number Sc on concentration profiles. From this figure we observed that chemical species concentration within the boundary layer increases with an increase in Sc. From Figure 13 it is noted that increasing the order of chemical reaction enhances the species concentration within the boundary layer. Figure 14 shows the effect of suction and injection parameter on the concentration profiles. The species concentration is higher for suction and lower for injection. Figure 15 shows the variation of concentration profiles against similarity variable for varying values of wall concentration parameter under uniform magnetic field and uniform suction. The concentration increases towards the free stream concentration whenever the species concentration at surface is lower than the free stream concentration. The reverse trend is observed when surface concentration is higher than the free stream concentration.
Conclusion
The effects of magnetism, thermal radiation, suction/injection, buoyancy forces, nth order Arrhenius chemical reaction, and Damköhler number on unsteady convection of viscous incompressible fluid past a vertical porous plate are studied. A set of nonlinear coupled differential equations governing the fluid velocity, temperature, and chemical species concentration are solved numerically for various material parameters. Results for the velocity, temperature, and concentration are presented and discussed graphically. In the present study we noticed that fluid velocity within the boundary layer decreases with the increasing values of magnetic field parameter and buoyancy forces. Also it is observed that within the boundary layer fluid velocity decreases with increasing values of wall suction and increases with wall injection. The surface temperature decreases in presence of radiation and increases with increasing rate of exothermic chemical reaction Da and reaction order n. Also it is observed that the chemical species concentration within the boundary layer decreases with increasing values of Da and wall injection. We also noticed that the skin friction increases with increase in magnetic field parameter under uniform suction and injection. 
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